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1 
INTBODJCTION 
The balance of water in plants is a result of "Uie interaction of 
water available, metereological environment, and the plant itself. The 
investigation of soil-water relations has as a goal the determination 
of the necessary simply of water for a normal growth of plants. Internal 
water deficits affect the productive capacity of the plant through effects 
on photosynthesis, respiration, growth, and metabolism. The study of 
water stress is one of the most interesting subjects in the investi­
gation of water relations in plants because it is concerned with ijie 
manner in which physiological processes are influenced by water 
deficiency. 
At the present time, with the development of new instruments to 
measure temperatures and techniques to grow plants at levels in osmotic 
concentrations, it is possible to obtain better results in transpiration 
studies and to confirm previous findings on the effects of transpiration 
on leaf teniperatures. And also, to study transpiration, leaf temperatures, 
effect of wind, and the growth of plants under water stress conditions. 
One of the difficulties in studies of transpiration, has been to measure 
the leaf temperature, and to maintain plants under constant levels of water 
supply. 
These difficulties have been solved using an infrared thermo­
meter to measure leaf tençeratures, and po]yethelene glycol to maintain 
constant osmotic pressure, and so constant water stress, in the solution 
in which the plants were growing. 
With these methods we have studied the effects of radiation, wind. 
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and external osmotic pressure on transpiration, leaf tei^eratures, 
relative tiirgidiigr and growiii of Zea mays L. 
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LITERATURE REVIEW 
Kramer (195&, 1963) discussed the role of water in the physiology of 
plants, giving special emphasis to the water balance as a determining 
factor in the growth of plants. Vaadia et (1961) have made a 
literature review of plant water deficits and of the devielopment of 
internal water deficits. In their conclusions they point out that growth 
does not depend directly on the soil moisture supply, but rather on the 
balance between transpired and absorbed water, this balance depending on 
soil, plant, and climatic factors. Eaton (19^2) grew six species of 
plants in sand cultures with water tensions ranging from 0.7 to 6.0 atm. 
Bie difference between the osmotic pressure of the substrate and the 
plant sap was 11 atm in all solutions; in these conditions the growth and 
transpiration were greatly reduced by the serious water deficiency, Thut 
and Loomis (l9Wt)f studying the relation of light to growth of plants, 
reported that the growth of com was checked ijy water deficits during the 
high transpiration period of bright noon hours. Wadleigh and Ayres 
(l9it^) studied the growth and biochemical composition of beans. Plant 
growth was inhibited as the soil moisture tension increased, even though 
the soil moisture was above the wilting range. The different moisture 
tensions were created by addition of NaCl to a loam soil. Fireman and 
Hayward (1955) found that retardation of plant growth was virtually 
linear with increase in osmotic pressure in saline and alkaline soils. 
Gates (1955) investigated the response of young tomato plants to a brief 
period of "moderate" and "severe" water shortage. There was reduction 
' 
in the growUi of plants during the period of wilting, even though the 
h 
soil water did not fall below the permanent wilting point, which was 
deteznined by the standard sunflower meHiod. Peters (19^7) studied the 
water uptake of com roots as influenced by soil moisture content and 
soil moisture tension, and found that water uptake and plant elongation 
were functions of moisture tension between zero, five, and l5 atm. 
Hagan et al. (1959) pointed out that plant behavoir cannot be explained 
in teims of either soil or atmospheric conditions alone, since the 
internal balance is an integration of all factors affecting plant-water 
relations. Ordin (i960) studied the effect of water stress on cell wall 
metabolism of the Avena coleoptile. The decrease in growth was affected 
by the high osmotic pressures of the cells under stress or by the ^ 
decrease in turgor pressure of the cells. The data indicate that an 
increase in internal osmotic pressure did not depress the metabolism of 
non-cellulosic polysaccharides. Increasing osmotic pressure values, 
however, depressed the formation of cellulose. Turgor pressure was the 
main factor influencing both cell wall metabolism and elongation in this 
study. Kramer (1962) divided plant-water relations into groups of more 
or less interrelated processes. He studied the processes that water 
stress affects, such as cell enlargement, differentiation, stomatal 
opening, transpiration, photosynthesis, respiration, and carbohydrate and 
protein metabolism. He points out that the only way to determine 
whether a plant is being subjected to water stress is to measure the 
stress in the plant itself. In research dealing with plant-water 
relations the plant stress should always be measured. Arkley (1963) 
gave quantitative expressions for the relationship between plant growth 
and transpiration, when the yield of dzy matter was plotted against 
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water use. The slope of the strai^t-line curve can be intez^reted in 
ternis of soil moisture. Deviations from this line were due to the effect 
of overirrigation. Jarvis and Jarvis (1963a) studied the growth 
response of seedlings of four species to decreasing soil water potential. 
Maximum net assimilation rate (NÂR) and relative growth rates (RŒI) of 
all four species occurred at about 0*5 atm soil moisture tension. Leaf 
area ratio (LAI) and BGR were different for the four species. Ruf et 
(1963) studied the osmotic adjustment of cell sap to increases in os­
motic pressures of the root medium. Thqr found that total dry matter 
decreased with increases of moisture tension, and that shoot growth was 
more affected than root growth. Cheesman (196L) grew bluegrass in 
nutrient solutions at 0.5, 0.75, and 1.50 atm and at different nitrogen 
levels. Regardless of nitrogen nutrition level, the 1.5 atm treatments 
had lower yields. Brouwer (1963) studied the influence of the suction 
tension of the nutrient solution and the alternation of osmotic tensions 
on growth of the midrib of bean leaves. Even a small increase in the 
osmotic tension gave a distinct reduction in growth, although this 
effect was tenqporazy in the alternated osmotic treatments. Chen et al. 
(196L) Investigated the nitrogen metabolism of citrus seedlings growing 
under water stress. Individual amino acids responded differently to 
water stress, and the tot&l nitrogen increased in the aerial parts, even 
though the protein level and water content were inversely correlated. 
Magistad et (I9li3) studied the correlation of the soil solution 
concentration at -tiie wilting point with plant growth. When the osmotic 
concentration exceeded 2 atm growth was reduced, and at it atm serious 
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injoiy occurred. Also, they investigated the effect of salt con­
centration and kind of salt on the growth of plants in sand cultures. 
The total concentration expressed in atra was a more inçjortant factor in 
reduction of growth than the effect caused by specific ions. In most 
cases the reduction in growth was linear with the increase in osmotic 
concentration of the solution. 
Ihe water uptake and plant-water relations as influenced by con­
centration of the substrate have been investigated by many workers. 
Eaton (19I42) grew tomato and com plants with their roots divided 
between two or more unequal solution concentrations. Plants developed 
more roots in the dilute than in the concentrated solution, and the water 
uptake from the foiroer exceeded that from the latter. These results 
indicated that osmotic pressure was primarily involved in the absorption 
of water. Hayward and Winifred (l9bb) transferred plants from dilute to 
concentrated solutions. The plants wilted at first but recovered after 
a few days. Roots preconditioned in concentrated media absorbed more 
water from concentrated solutions than roots transfeired from a dilute 
solution. Hayward and Winifred studied the entry of water into com 
roots from nutrient solutions of 0,8, 2,8, and ii,8 atm. The intake of 
water was inhibited by the higher osmotic concentration, which also 
reduced the meristematic activity of the root tips. Army and Kozlowski 
(1951) reported absolution of water by tomato plants from a sucrose 
solution at 7.8 atm osmotic pressure, Slalyer (l95l) investigated the 
effect of KNO , NaCl, mannitol, and sucrose as osmotic substrates added to 
a standard nutrient solution to create 5 and 10 atm of osmotic pressure. 
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After the initial loss of water and wilting of the plants^ recoveiy 
took place rapidly in all except the mannitol solution. Gingrich and 
Russell (1957) used series of soil samples and mannitol solutions up to 
10 atm of corre^onding stress to grow com. The seedlings grew better 
in osmotic solutions than in the soils at the same water stress. 
Slatjyer (1957) studied the influence of progressive soil moisture stress 
on transpiration, leaf turgor, diffusion pressure deficit, osmotic 
pressure, and growth of lycopersicum esculentum, Ligustrum lucidum, and 
Gosaypium barbadence. "Die response pattern of each species showed a 
clear relationship to water stress. Growth did not continue beyond a 
stress value of zero turgor pressure in the leaves. 
Recently, to control the osmotic pressure of culture solutions, a 
new substance has been used in studies of plant water relationships. 
Lagerwerff ^  al. (1961) in experiments with kidney beans indicated that 
polyethylene glycol or "Garbowax 20,000", tçon purification, may be used as 
an agent to control osmotic pressures of nutrient solutions without the 
hazard of interference with metabolic processes in plants. But Jackson 
(1962) r^orted that the growth of root hairs of redtop grass seedlings 
was inhibited conpletely by low concentrations of Carbowaxes C-6OO, 
C-1000, and C-l500. Ruf et (1963) used C~l$kO to create osmotic 
concentration up to 8,7 atm, and found that the osmotic pressure of 
Solanun tuberosum and Agropyron desertorum increased 0,86 atm per atm of 
increase in the root medium. Total dry matter decreased and visible 
signs of wilting were observed at the high stress level in S. tuberosum. 
Woolley (1963) studied the effects of nitrogen nutrition, tenqjerature 
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and osmotic pressure on Thatcher wheat grown at 0.5, 2.5, 5.5, 9.5, and 
11.0 atm, obtained with 0-1*^000. Osmotic pressures and nitrogen levels 
had small effect on the diy matter production, whereas tenç)eratu3?e 
significantly increased diy matter yields. Taylor (196U) conçared the 
effects of eight osmotic agents, among them C-200 and C-1^00, on the 
germination and growth of radish and soybean at osmotic pressures of 2.5 
to 20 atm. At the higher osmotic tensions, germination and growth de­
creased, with little difference in germination of radish below l5 atm. 
Also, there were differences in growtii between C-200 and C-LOO solutions; 
the plants grew better in C-200 solutions. The transpiration of tree 
seedlings in relation to osmotic potential of the root medium was studied 
by Jarvis and Jarvis (1963b). Mannitol was added to the solutions about 
the roots of four species. The osmotic concentrations required to 
reduce tran^iration by $0 percent were 1.5 atm in Pinus sylvestris, 1; 
atm in Be tula verrucosa and Populus tremula, and 8 atm in Picea abies. 
Brouwer (1963) found that transpiration decreased slowly in Phaseolus 
vulgaris as diffusion pressure deficit increased from 8 to 11.5 atm. 
Boyer (1965) investigated the effects of osmotic stress on metabolic 
rates of cotton plants growing for long periods of time in nutrient 
solution and NaCl at various concentrations. The resistance to the 
diffusion of CO2 did not increase at hi^ solution concentration, and the 
changes of the water potential of the leaf tissue followed the changes 
in the potential of the root medium, exceeding them by factors of 1.2 to 
1.5. Denmead and Siaw (1962) studied the availability of soil water as 
affected by soil moisture content. The actual transpiration of com 
decreased with a decrease in moisture, and the production of diy matter 
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suggested that once the soil moisture content was less -tiian the turgor 
loss point, the plants virtually ceased to assimilate GOg* Wallace and 
Stout (1962) investigated transpiration rates under controlled conditions 
of light intensity and temperature, when the relative humidity and water 
were varied. The transpiration rate was correlated with the vapor 
pressure deficit of the air as long as water was available. Lageiwerff 
and Eagle (1962) related tran^iration with the ion uptake from saline 
substrates at 1.3, 2.3, and 3.3 atm. The transpiration rate decreased 
viih growth, althou^ the diffusion pressure deficit between plant sap 
and solution remained constant. Jarvis and Jarvis (1963c) studied the 
trani^iration of seedlings of four species of trees in relation to the 
water potential. Maximum transpiration occurred in soils at 0.5 atm 
moisture tension, decreasing sigmoidally with decrease of soil water 
potential. Geisler (196U) studied the effects of different water pre-
treatments on potential transpiration of tobacco plants at six levels of 
water. The growth was affected although the transpiration rates of the 
treatments "veiy dry", "diy", and "normal" were almost the same, Gardner 
and Bilig (1965) considered the physical aspects of the internal water 
relations as water potential, osmotic potential, pressure potential, and 
relative water content of the leaves. Thqy found that the osmotic 
potential was inversely proportional to the relative water content of the 
leaves, and that a marked change in the modulus of elasticily of the 
leaves occurred at a turgor pressure of about 2 a^, corresponding to a 
water potential of - 12 atm. Ehrler et (1966) have/ r^orted the 
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transiration, water absorption, and internal water balance of cotton 
plants as affected by light and changes in saturation deficit. At 
saturation deficits of h»ht 13,7, 27.9 atan, the transpiration reached 
its peak faster at the greatest saturation deficit of 27.9 atm, but at 
the low saturation deficit of U.lt atm if the rate of water absorption was 
not adequate to condensate for transpiration. The data indicated that 
the greater the evaporative demand, the greater the plant-water ab­
sorption at equilibrium. 
The effect of wind on transpiration in Helianthus annuus was studied 
by Martin and Clements (1935). Tran^iration increased wi-Ui velocities 
up to 2 mph, and for velocities above this, there was a fall of the 
transpiration rate. 
Manzoni and ?tq)po (19U3) found no correlation between tran^iration 
and wind. The transpiration rates were primarily influenced by solar 
radiation, which showed correlation coefficients above 0.3 for the 
species investigated. 
SLatyer and Bierhuizen (196k) have reported tran^iration rates of 
cotton leaves under a range of light intensities and several low wind 
speeds in relation to internal and external diffusive resistances. A 
linear relation was observed between tran^iration and the difference in 
YapoT pressure of the evaporating surface and the vapor pressure of the 
air. These results demonstrated the strong dependence on external, 
resistances of the air under low wind ^eed conditions and high light 
intensities. Under low li^t intensities the stomatal resistance became 
dominant. 
e 
The leaf tenperature in relation to tran^iration has been investi-
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gated ly several workers. Miller and Saunders (1923) have reported higher 
temperatures in wilted transpiring leaves than in the turgid ones. Clam 
(1926) found that leaf tençeraturea in sunlight were always wanner than 
the air tençerature. Curtis (1936) found rapid and large changes in 
temperature of leaves in direct sunlight with changing rates of air flow 
or light intensity. Waggoner and Shaw (1952) studied tenqperatures of 
potato and tomato leaves in relation to the angle of radiation. Leaves 
perpendicular to insolation were 3.2°C wanner than leaves parallel to in­
solation. Leaves at the top of the plant were 7.S°C warmer than shaded 
leaves, and on clouctjr days, leaves were 0.8°'c cooler than the air 
teznperature. Ansari and Loomis (1909) found that leaves in direct sun­
light were heated to equilibrium at a rate inversely proportional to 
their mass. Shaded leaves in bright day were 1°C warmer than the air, 
but wind at $ mph cooled the leaves about half way to air tenterature. 
Rufelt et (1963) studied leaf teniperature and transpiration, both 
measured simultaneously at different li^t intensities. With open 
stomata, tran^iration depended to a large extent on leaf temperature 
and to the difference between the vapor pressure deficit of leaf and air. 
Also, Cook et (1961;) have reported that tomato leaves with open 
stomata were $°C cooler than leaves with closed stomata, and that trans­
piration speared to establish a teoqperature variation over the leaf 
area. Gates (196L) described the mechanisms which contribute to the 
energy exchange for leaves, indicating the iiqportance of transpiration 
for cooling the leaf, but pointing out that a relatively large change in 
transpiration rate must take place to produce a significant change in the 
energy balance and in the resulting leaf temperature. The greatest 
influence of wind was in terms of the energy exchange Iqr forcing con­
vection of air and influencing the transpiration rate. Loomis (1965) 
studied the absorption of radiant energy by wilted and transpiring 
leaves. The heating and cooling curves were not significantly different. 
It was concluded that leaves tend to assume the ten^erature of the 
surrounding air, and that the leaves are heated rapidly by radiant 
energy and cooled primarily by conduction of energy to the air. 
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MATERIALS AND METHODS 
The corn plants used in these experiments vere grown in Hoagland's 
number 2 nutrient solution (19^0), to which iron was siçplied in che­
lated fonn, following the Jacobson (19^0) technique to prepare a solution 
containing 5 ppm of Fe in one ml of solution. The minor elements were 
added in 1 ml per liter of a solution containing 0.6gr 
O.kgr MnCI^lHgO, O.O^gr ZnSOl, O.OSgr CuSOUj^HgO, and 0.02gr HgMoO^rljHgO. 
The following was the procedure to grow the com plants for 60 - 80 days 
in which the plants reached a hei^t of about 30 in. 
Hybrid com seeds WF9:d{lh were geminated in moist sand. Fig. 1. 
After germination the seedlings were maintained for h - $ days in the 
gezninator and then transferred to the nutrient solution. The nutrient 
solution was changed every week, and distilled water was added daily to 
r^lace the water lost by transpiration. The containers were 200 mm 
X 92 mm polyeiAylene bottles of 925 ml capacity. The screw cap, $3 mm in 
diameter, was perforated to insert the roots into the solution. The out­
side wall and the cap were painted with aluminum paint which gave an 
albedo of 55 - 6o%, Oxygen was supplied to the roots by continuous 
aeration of the solution through an aeration stone inserted into a 
rubber stopper at the lower end of the bottles. Pig. 2. 
To create water stress in the com plants by increasing the osmotic 
concentration of the nutrient solution, polyethylene glycol, "Carbowax 
200", was added to the nutrient solution. The polyethylene glycol mole­
cule goes into solution because of its high misclbility in water, creat-
Fig, 1, Com seedlings growing in moist sand for U - 5 days before 
transplanting to the polyethylene bottles with nutrient 
solutions 
Fig. 2. Com plants in polyethylene bottles 925 ml capacity showing the 
continuous aeration ^stem; the containers were painted with 
aluminum paint 
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Ing different osmotic tensions as the polyethylene glycol concentration 
increases in the solution. The osmotic tensions were expressed in 
atmospheres created ty a given concentration of the osmoticom. Fig. 3 
shows a plot of concentration vs atmospheres of tension, that was used to 
calculate the vei^t of polyethylene glycol to prepare a given osmotic 
solution. Solutions vitii tensions ranging from 0.5 to iS.O atm were 
used in these studies. 
Depending on the particular experiment, the standard nutrient 
solution of the com plants was changed for the nutrient solution plus 
the Carbowax 2h hours before the transpiration studies. This-time was 
considered necessaxy to attain equilibration with the osmotic solution. 
Leaf tenqperatures were measured with a model lT-3 infrared thermo­
meter (Barnes Engineering Co., Stamford, Conn.). This thermometer is a 
noncontact, teznperature measuring instrument and measures the tempera­
tures of materials, hot or cold, without physical contact. It is sen­
sitive to radiation in a ^ectral region where water is highly emissive 
and the atmosphere is transparent, and can therefore penetrate the 
atmosphere to make accurate readings of leaf surface temperatures. 
Response to taqperature change was 0.2 and 2 seconds for the "fast" and 
"slow" positions. The IT-3 consists of a sensing head with aiming 
si^ts and pistol grip, and a contact electronic case containing 
controls, anqplifiers and indicating meter. Tenperature readings are 
shown directly on meter scales calibrated in Fahrenheit and Centigrade. 
The field of view was 1/8 of inch with the sensing head at k inches 
from -Uie surface. This field of view increased with increasing distance 
from the target, with negligible effect tgion the accuracy of measurement. 
îlg. 3. Osmotic pressure - "Carbowax 200» curve used to calculate the weight of polyethylene 
glycol to prepare osmotic solutions 
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The 1T~3 sensing head was maintained L to 6 Inches from the leaf surface 
for at least 3 seconds during the temperature reading periods. 
The leaf ten^erature was also measured with a potentiometer model 
2736-8 (Rubicon Instruments). Thermocouples of 30 gage, copper-^constantan 
wire, with the terminal point sharpened, were inserted into the leaf 
blade. The teoperatures were read from a set of 6 pairs of thezno-
couples connected to a main switch box. 
Transpiration was measured by detexnining changes in wel^t during 
Intervals of time. Ihe entire plant plus the container was weighed on an 
oil damper. Torsion balance (Torbal model PL-2). To determine the leaf 
area of the plants at the end of the experiment, all the leaves were 
weighed and the leaf area was calculated on a fresh wel^t basis. The 
transpiration rate was reported as grams of water lost per square deci­
meter, per hour. 
The percentage of relative turgidlty (RT) was determined at the end 
of the experimental periods. Discs of leaves of about one square centi­
meter were collected with a leaf-punch, and weighed on a Metier balance. 
The discs were then submerged for 1$ - 20 hrs in distilled water. After 
wiping off the excess water, the discs were weighed again, and then 
dried in an oven at 80°C for 2h hrs to obtain the dry weight. The 
following fozmula was used to calculate the percent relative turgidlty as 
proposed hy Weatherley (1950). 
- 100 -
in which Wf is weight of leaves at the end of the experiment; Wt is 
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wei^t after 2h hrs in water, and Wd is dry weight. 
The effect of water stress on the rate of growth was measured by 
growing com plants in nutrient solution at four water tensions. The 
plants were grown for 23 days after transplanting from the sand-nutrient 
culture on which they grew for a week. During the 13 day growing period 
in the treatments, three samples were collected at 10, and 13 days 
after tran^lanting. The plants were grown in a growth chamber at 28° C 
day tenç)erature and l6 hrs of light, and l8°C night tençjerature. The 
four treatments of water tension were distributed in the growth chamber 
in a it X if Latin square design. Each replication consisted of six 
plants, each of them growing in an individual pot, but with a common 
nutrient solution container. With this arrangement it was possible to 
maintain unchanged and uniform the osmotic concentration of the solution 
for the 6 plants. Twice a day it was necessary to add distilled water. 
To prevent the growth of fungi and bacteria, $0 ppm of Streptomycin was 
added to the solutions. %e net assdjnilation rate (NAR), relative 
growth rate (RGR), and leaf area ratios (lAR) on fresh and diy weight 
bases, were deteimined at each of the sampling periods. 
The BGR and NAR were calculated using the following fomulae: 
Wg - In Ag - In 
" Ag - A^ * T^ 
when A 
RGR » NAR X ^ 
leaf area, and W > plant wei^t. 
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The following are iiie descriptions of the experiments performed to 
study the effects of water stress on the transpiration and growth of com 
plants. 
Transpiration rate of com plants at seven stress levels: 
a. Solution tensions of O.S, 3.0, 5.5, 8.0, 10.5, 13.0, and 
l5.5 atm. 
b. The transpiration was measured eveiy hour from 8:00 am to 
7:00 pm. 
c« The % relative turgidity was detexnined. 
d. (Rie experiment was carried out under outdoor conditions. 
The li^t intensity and the wind effect on leaf ten^erature and 
transpiration rate of com plants at two water tension levels: 
a. Solution tensions of 0.5 and 8.0 atm. 
b. The transpiration was measured evexy hour. 
c. The leaf temperatures were measured witdi the potentiometer. 
d. light intensity, relative humidity, air temperature, and 
wind speed measurements were taken in the outdoor conditions 
of the e^qperiment. 
e. The relative turgidity was determined. 
Leaf temperature and rate of transpiration of com plants at five 
water tension levels: 
a. Solution tensions of 0.5, 3.0, 5.5, 8.0, and 10.5 atm. 
b. The transpiration was measured at the end of the experiment. 
I c. The leaf temperature was measured with the IT-3 thermometer. 
d. Âiï* tenperature, rh, and li^t intensity were taken in the 
outdoor conditions of -t^e e]q)erijment. 
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e. The relative turgidity was determined. 
Leaf ten^eratare and tran^iration rate of com plants at two water 
tension levels: 
a. Solution tensions of 0.5, and 8,0 atm. 
b. The transpiration was measured every hour. 
c. The leaf temperature was measured every 5-10 minutes, 
using the IT-3. 
d. Light intensity, rh, and air temperature measurements were 
taken in the outdoor conditions of the experiment. 
e. The relative turgidity was determined. 
Leaf tençerature and wind effect on the transpiration rate of com 
plants at three water tension levels in outdoor conditions: 
a. Solution tensions of 0.5, 3.0, and 8.0 atm. 
b. (Die leaf tenperatures were measured with the IT-3. 
c. Transpiration measurements at the end of each treatment. 
d. Wind speed, it and air tenq)erature were measured in the 
outdoor conditions of the esqjeriment. 
Leaf temperature and wind effect on the transpiration rate of com 
plants at three water tension levels in room conditions: 
a. Solution tensions of 0.5, 5.5, and 8.0 atm. 
b. Leaf teiq>eratures were measured with the potentiometer. 
c. Wind speed, air ten^erature, rh, and light intensity were 
measured in the room conditions of the experiment. 
d. The relative turgidity was detemined. 
Leaf temperature and tran^iration rate of com plants at three 
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water tension levels: 
a. Solution tensions of O.S, 5*5} and 8.0 atm. 
b. The transpiration was measured every hour. 
c. Leaf temperature measurements with the IT-3. 
d. Air tençerature, rh and light intensity were measured in the 
outdoor conditions of the e:iqperiment. 
Leaf tençerature, light intensity, and wind effect on the trans­
piration rate of com plants at two water tension levels: 
a. Solution tensions of 0»S and 5*5 atm. 
b, Ihe transpiration was measured every hour. , 
c* The leaf temperatures were measured with the IR^3 several 
times per hour. 
d. Air teuçerature, rh, light intensity, and speed of wind 
were measured in the outdoor conditions of the esqperiment. 
e. The relative turgidity was measured. 
Effect of water tension on the rate of growth of com seedlings; 
a. Solution tensions of 0.5, 3.0, and 8.0 atm. 
b. NAR, RŒI, and LAR were determined on the fresh and dxy 
weight bases at each of the sampling periods. 
c. The plants were grown in a growth chamber. 
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EXPERIMENTAL RESULTS 
The plants growing In nutrient solution at the time the trans-
I 
piration eaqperiments were performed, had an average height of 80 - 90 cm 
and eight to ten leaves. Fig. U* ïhe root system was abundant and well 
developed. Pig. S, and it was considered that water absorption was not a 
limiting factor for transpiration. 
Transpiration Hate of Zea Mays L at Seven Water Tensions 
In Table 1 are shown the results of tran^iration of com plants at 
seven water tensions during an experimental period of 11 hours. This 
table shows that the main effect of the water tension was to decrease 
the transpiration rate. (Die level of tension in t&e solution was related 
to the rate of transpiration, with the lowest rate at the highest water 
tension of 1$ atm, and the highest transpiration rate at 0.5 atm, the 
lowest water tension. The transpiration showed hourly variations, 
starting from a relatively low rate at 8:00 am and attaining the hl^est 
rate at the noon hours; then decreasing to lower values in the afternoon. 
Similar trends were shown in the 3.0, and atm tension levels, but 
none at tensions of 8.0, 10.5, 13.0, and l5.0 atm. Ohere were differences 
in the time at which transpiration reached the zero point. At the low, 
0.5 and 3.0 atm water tensions, the plants were still transpiring at 
7:00 pm, but not at tensions of 5.5 to l5.0 atm. Also, at 5:00 pm 
there were differences between the hi^er tensions of 10.5, 13*0, and 
l5«0 atm which had no tran^iratlon, and the tensions of 0.5 and 8,0 atm 
Fig. 1|. Corn plants 80 - 90 cm height with 6 to 8 leaves, used in 
transpiration experiments; these plants were 60 - 80 days old 
Fig. 5* Abundant and well developed root system of com plants as used 
in transpiration studies 
I 
26 
27 
Table 1, Hourly transpiration (10~^ gr/dm^hr) of Zea mays at seven 
water tensions. Data are averages of three replications 
Atmosphere tension 
Time 
15.5 13.0 10.5 8.0 5.5 3.0 0.5 
8.00 3.66 2.28 it.32 2.56 2.22 5.76 ii.32 
9.00 2.26 2.28 3.66 3.18 1.02 6.U2 6.30 
10.00 1.20 2.28 2.31 2.52 k.7L 8.it6 8.6U 
11.00 1.02 l.hh 2.16 2.58 I|.20 8.6ii 10. Wi 
12.00 0.51 2.10 1.08 2.1:0 1.02 10.38 10.38 
1.00 0.96 0.78 1.26 1.98 li.86 10.98 13.32 
2.00 i.iU 1.68 1.26 2.0U 1.86 10.38 11.31 
3.00 0.51 1.80 2.10 2.10 6.30 10 .111 11.58 
li.OO 2.10 1.68 2.10 3.00 1.50 12.51; 11.61 
5.00 1.68 0.8U 2.3U 2.70 11.26 6.90 7.WL 
6.00 0.00 0,00 0.00 1.38 1.86 2.I1O 3.18 
7.00 — 
— 
—— — 1.26 1.92 
Avg. 1.51 1.71 2.29 2.43 5.07 7.81 8.37 
18.0 20.1i 27.3 29.0 60.5 93.6 100 
% RT^ 73.85 90.38 90.29 93.35 93.63 96.86 97.57 
^Decrease in transpiration expressed in percentage of the 0.5 atm 
treatment 
b 
Percentage of relative torgidity 
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which had no transpiration, and the tensions of 0.^ and 8.0 atm which 
still were transpiring at 6:00 pm. Fig, 6 shows the transpiration rate 
curves for four of the seven water tensions. These curves show a gradual 
decrease in the rate of transpiration as the water tension increased. 
Also, the differences in the time at which no transpiration occurred, in 
the 0.5, 5.5, 10.5, and l5.0 atm. 
To provide comparative figures for the decrease in the transpiration 
rates, the averages of the totals for the 11 hours of transpiration were 
expressed as percentages of the 0.5 atm treatment with the highest trans­
piration rate. Table 1 shows the gradual decrease of this percentage as 
the water tension increased in the medium. 
The percentage of relative turgidity (RT) determinations at the end 
of the experimental period are shown in Table 1. The turgidity of the 
leaves decreased gradually as the tension of the solutions was increased. 
Fig. 7 shows the slow decrease of this percentage for water tensions 
from 0.5 to 13.0 atm, where they attained a value of 90% RT, and the 
fast drop to 73.85$ RT at l5.0 atm water tension. 
The Effect of Light Intensity and Wind on Leaf 
Temperature and Transpiration Rate of Com Plants at Two Water Tensions 
In Table 2 and Fig. 8 are shown the transpiration rates of com 
plants at two water tensions, and the effect on these rates of light 
intensily, shade, and wind. The transpiration rate at 8.0 atm was lower 
than at 0.5 atm water tension. This difference was consistent when the 
light and wind factors were changed during the progress of the experiment. 
Fig. 6. Transpiration of com plants during an experimental period of 11 hours; the 
figure shows transpiration curves for four of the seven water tension levels used 
0.5 ATM 
C 7 
/\ 
5.5 ATM 
10.5 ATM 
I5.5ATM * , 
Big, 7» Percentage relative turgiditgr of com leaves 
drop in relative turgidity at l5.0 atm water 
at seven water tensions; note the fast 
tension 
PERCENTAGE RELATIVE TUR6IDITY 
Z£ 
Table 2. Effect of light intensity and wind on leaf tenqperatare, transpiration, and percentage 
of relative turgidily of Zea mays at two water tensions. Data are averages of four 
replications 
Light ft-c Time 0.2 atm 8.0 atm 
Leaf Transpiration Leaf Transpiration 
temperature (gr/dm^/hr) tençerature (gr/dm^/hr) 
o°c o°c 
ft-c* 8,000 
W i n d *  6 - 7  12.42 29.2 1.360 30.8 Oïl*72 31*.2 
ft-c* 8,000 
Wind: 0.0 
1.12 
1.32 
31*.0 
31.2 1.790 
O
 CM 
O.U62 22.9 
ft-c* 600 
Wind* 0.0 
2.00 
2.12 
2.30 
2l*.2 
2U.2 
22.5 0.813. 
22.0 
2l*.2 
22.2 0.260 30.9 
ft-c* 6oo 
Wind: 7.2 
3.00 
3.1*0 
o
 o
 1.072 
26.0 
27.0 0.388 36.2 
% RT 96.8 93.6 
^Percentage transpiration of the 8,0 atm treatment in relation to 0.2 aim 
Fig, 8. Transpiration rates and leaf tenteratures of com plants at two water tensions, and 
the effect of light intensity, shade, and wind on these rates 
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The decrease in transpiration at 8.0 atm tension was considerable. The 
differences in rates, expressed as percentages, were relatively high for 
8.0 atm as compared to tiae 0.5 atm water tension. 
Solar energy, as light intensity, was the main factor influencing 
the rate of tran^iration in the treatment with 0.5 atm water tension. 
The rate increased along with the leaf tenqperatures as the light in­
tensity increased; botii decreased when shade was applied. In the shaded 
and zero wind treatment, the teznperature of leaves at 0.5 and 8.0 atm 
tensions showed small differences, with higher leaf ten^eratures at 
8.0 atm. The leaf tenperatures were measured with thermocouples. The 
difference in transpiration rate was due to the water stress conditions 
of the 8.0 atm tension. With a low wind speed of 3 - 1| km/hr and 8,000 
ft-c light intensity, there was an increase in leaf temperature and 
transpiration at both water tensions, but with a wind speed of 7.2 km/hr 
and a still hi^ li^t intensity of 6,000 ft-c, the leaf temperatures 
and transpiration decreased. Also, the leaf temperature at 8.0 atm was 
higher than at the 0.5 atm tension. Despite the low transpiration rate 
of the 8.0 atm water tension and its 93,6# of relative turgidity, no 
visible signs of wilting were shown in the leaves. This may indicate 
that plants at this tension were not under water stress, although the 
water absorption was shown to be smaller than in the 0.5 atm water 
tension. 
1 
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Leaf Temperature and Rate of Transpiration of Com Plants 
at Five Water Tension Levels 
In Table 3 are shown the leaf temperatures of com plants at five 
levels of water tension, and the average rates of total transpiration for 
the seven hours duration of the experiment. The leaf temperatures were 
measured with an infrared thermometer. The results showed a definite 
relation between the leaf temperatures and the water tensions; the leaf 
temperatures increased as the tension in the medium increased. Also, 
the data show the hourly variation of the leaf temperature, which 
started relatively low, reached high temperatures at noon and decreased 
again in the afternoon, dhe same trends were shown by the five water 
tension levels studied. ïlg. 9 shows the hourly curves for 0.5, 5.5, 
and 10.5 atm tensions, and the gradual increase in leaf temperature as 
the concentration of the medium was increased. The rate of transpiration 
decreased as the water tension increased, from the lowest 0.5 atm to the 
highest 10.5 atm, the reduction in transpiration being as high as 77% at 
the 10.5 atm tension, in relation to the 0.5 atm tension. 
Along witii the decrease in transpiration and increase in leaf 
temperature as the concentration of the medium increased, the percentage 
of relative turgidity of leaves decreased from 96.76# at 0.5 atm to 
72.12$ at the 10.5 atm tension. Despite the relatively rapid decrease in 
transpiration to 1^8.2# and L7.5# for the 3*0 and 5.5 atm treatments, 
respectively, the percentage of relative turgidity was over 90%. A fast 
drop in idle % RT was shown at 3.0 atm and 10.5 atm water tensions. 
Visible signs of wilting were shown at these two water tensions, more 
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Table 3. Leaf temperature ( C), and transpiration (gr/dm /hr) of Zea 
mays at five water tensions. Data are averages of four 
replications 
Time 
0 
Leaf temg)eratare C atmospheres 
Air 
temperature 
0.5 3.0 5.5 8.0 10.5 
°C 
9.30 26.5 27.7 28.0 28.5 29.2 23 
10.00 23.5 30.5 31.5 33.0 32.7 2U 
10.30 28.2 30.0 29.7 32.7 30.2 25 
11.00 31.2 30.7 31.5 35.0 3U.7 27 
11.30 31.5 30.3 33.5 31.2 3li.3 28 
12.00 30.1 31.2 33.8 35.6 31.5 30 
12.30 30.5 33.8 33.8 35.5 36.2 28 
1.00 31.2 3U.6 3U.7 35.6 36.1 30 
1.30 31.5 32.1 35.6 38.1 37.2 31 
2.00 33.8 32.2 36.5 36.5 38.0 30 
2.30 32.7 35.5 35.0 36.1 35.3 31 
3.00 32.0 35.1 35.1 37.0 37.0 30 
3.30 29.7 31.2 31.6 3ii.l 35.1 31 
1.00 28.0 28.0 28.3 28.7 31.0 32 
Average 
transpiration 1.35 0.65 0.61i 0.39 0.31 
% 
transpiration 100 18.2 U7.5 28.9 23.0 
% relative 
turgidity 96.76 95.69 92.92 80.03 72.12 
Fig. 9, Hourly leaf temperatures of com plants during an experimental period of six hours 
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accentuated at 10.5 atm treatment. These curves are shown in Fig. 10. 
Leaf Ten^erature and Transpiration Rate of Com Plants 
at !lVo Water Tension Levels 
In Table 1» and Fig. 11 are shown the leaf taaperatures, measured 
eveiy ten minutes, and the transpiration rates, measured every 30 
minutes, for com plants at water tensions of 0.5 and 8.0 atm respecti­
vely. The leaf temperatures at 8.0 atm tension were higher than the 
taiçeratures at 0.5 atm. This difference was constant at about 5°C in 
the seven hours of the eoqperiment. 
!Qie fluctuations of leaf temperatures during the progress of the 
experiment were similar in both water tensions, following almost identical 
variations in the short periods of ten minutes between controls, and in 
the long variations following the increase of ten^erature in the noon 
hours. Leaf temperatures were measured with an infrared thermometer. 
The transpiration rates were different at 0.5 and 8.0 atm tensions, with 
the higher rate at 0.5 atm. Hie curve of the transpiration at 0.5 atm 
increased as the temperature of the leaves increased and followed a trend 
similar to the 0.5 leaf temperature, but there was not such similarity 
between the transpiration curve at 8.0 atm and the corresponding leaf 
temperatures at 8,0 atm water tension. The transpiration rate at 8.0 atm 
tension reached low values when it was expressed as a percentage of the 
0.5 atm tension. This effect was more accentuated as the trial continued, 
and gradually increased with time until the transpiration rate at 8.0 
alan water tension was only 22.7% of the 0.5 atm treatment. Along with 
l|2a 
100-%RT 
610-
75-
TRANSP. 
50— 
ATMOSPHERES TENSION 
Fig, 10. Average of five hours of transpiration of Zea mays (9:30 am to 
li:30 pm) 
Ii2b 
Table Leaf temperature and tranapiration of Zea mays at two water 
tensions. Data are averages of four replications 
Leaf Transpiration ^ 
Time temperature (gr/dm /hr) Percentage C 
( C) of the difference 
0,5 atm 8.0 atm 0,5 atm 8.0 atm 0,5 atm 
9:10 27.0 32.0 
9:20 28.7 32.0 
9:30 28.7 31.2 
9ihO 29.0 35.5 
9:50 32.2 36.7 
10:00 32.2 38.7 
10:10 33.5 39.5 
10:20 32.2 39.2 
10:30 32.5 37.7 
10:1:0 33.2 39.7 
10*50 31.0 36.0 
11:00 3U.0 itO.2 
11:10 3U.0 37.7 
11:20 34.2 1*0.0 
11:30 33.1 37.7 
11:1*0 32.2 39.5 
11:50 3k.5 1*0.7 
12:00 31.7 38.2 
12:10 36.5 1*2.5 
1.86 0.97 52.1 5.0 
1.88 0.59 31.8 5.3 
Ii3 
Table li (Continued) 
Leaf Transpiration Op 
(gr/4»2/hr) difference 
^ of the 
0.5 atm 8.0 atm 0.5 atm 8.0 atm 0.5 atm , 
12:20 36.0 1*0.7 
12:30 35.7 ia.2 2.10 0.71 33.8 5.5 
12:10 35.0 la.2 
12:50 37.2 42.5 
1:00 32.0 36.7 
1:10 36.0 39.5 
1:20 36.5 10.7 
1:30 37*0 13.0 2.29 0.61 26.6 5.0 
1:1|0 36.7 12.7 
1:50 33.5 39.2 
2:00 36.0 1*0.5 
2:10 3U.7 ItO.O 
2:20 3U.0 38.7 
2:30 33.7 37.0 1.97 0.61 30.9 1*.9 
2j1IO 3U.0 1*0.2 
2:50 36.0 Uo.o 
3:00 32.5 1*0.5 
3:10 33.7 39.5 
3:30 33.5 38.5 2.19 0.51* 2l*.6 5.8 
3:50 33.5 39.0 
Table L (Continued) 
Time 
Leaf Transpiration °C 
temperature 
(°C) (gr/dm2/hr) Percentage 
of the 
difference 
0,5 atm 8.0 atm 0.5 atm 8.0 atm 0.5 atm 
lt:00 32.5 39.0 1.80 0.1a 22.7 6.0 
% RT* 98.93 76.87 
^Percentage of relative targidity 
Fig. 11. Leaf temperature and transpiration rate of com plants at two water tension levels; 
the leaf tenQ)eratures were measured every 10 minutes 
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the rapid drop in the transpiration rate at 8,0 aim, there was a 
considerable drop to 76.86^ in the relative turgidity at this water 
tension, conçared to the 9Qt93% RT of 0,5 atm water tension. At 76.8# RT 
the leaves showed signs of wilting, that were more accentuated as the ex­
periment progressed. This indicated that plants at the water tension of 
8.0 atm were not absorbing water, and that the transpiration was at the 
e:qpense of the water in the leaves. 
To study the cooling effect of transpiration on leaf tenqjerature, the 
data of Table U were plotted in Fig, 12, and an analysis of variance for 
regression was made, which is shown in Table 5. Despite the expected 
variability of the plotted points along the regression line, a cool­
ing effect of transpiration on leaf temperature was shown. The "F" test 
was hi^Uy significant, although Uie coefficient of correlation between 
rate of transpiration and temperature was not significant, Among the 
factors that may explain the low correlation coefficient, are the 
variability of data obtained in outdoor experimental conditions, wit^ 
variables such as wind and time of day. Also, the stress condition of 
plants at the end of the trial, p^ticularHy at the 8.0 atm water-tension 
treatment. 
Leaf Temperature and Wind Effects on the Transpiration of 
Com Plants at %ree Water Tension Levels in Outdoor Conditions 
In Table 6 are shown the effects of water tension and wind speed on 
the leaf temperatures and transpiration rates of com plants. The leaf 
temperatures were measured with an infrared thermometer. In a previous 
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12. Leaf temperature-transpiration rate regression line for com 
plants at two water tension levels 
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Table $, Anailysis of variance for data of Table 1| 
Source of variation df 88 MS F 
Regression 1 93.59 93.59 27.77** 
Residual 12 kO*hS 3.37 
Total 13 13h.0h 
Significant at the 1$ level of probability. Correlation co­
efficient .292. Significance at 5$ level .532. 
Table 6. Effect of wind on leaf temperature and transpiration of Zea mays 
at three water tensions. Data are averages of four r^lications 
Time Wind Water tension Transpiration 
km/hr 0.5 3.0 8.0 0.5 3.0 8.0 
Leaf tesaq>erature °C 
2:1^0 0.0 
3:30 0.0 
ii:05 0.0 
l:l5 0.0 
Iiî30 10.5 - 11.0 
5:50 10.5 - 11.0 
33.7 37.3 
31.5 36.6 
3l».7 36.3 
35.0 36.6 
32.0 32.0 
26 26.0 
38.0 
1.U8 
37.2 
36.5 
37.0 
0.72 
32.0 
26.0 0.3k 
0.93 0.58 
0.53 O.Wi 
0.27 0.23 
50 
experiment it was shown that the effect of wind at relatively low speed 
was to lower the leaf temperatures and decrease the rates of transpiration, 
althou^ the leaf tençerature was higher at the hi^er water tension. In 
this experiment the wind was increased to an approximate speed of 10 to 11 
kra/hr. The results show, in the period during which no wind was applied, 
that the leaf temperatures increased gradually as the osmotic tension of 
the medium was increased. After the wind of 10 to 11 km/hr was applied, 
the leaf temperatures decreased to the same level in the three water 
tensions. Fig. 13 shows the curves for 0.5 atm and 8.0 atm tensions. 
Even thou^ the leaves at the three water tension had the same 
tenperature, the transiration rates were different, with the higher rate 
at 0,5 atm tension. The transpiration rates decreased gradually as the 
concentration of the medium increased. 
The increase in leaf tenperatures as an effect of radiation was 
cancelled by the wind factor at a speed of 10 to 11 km/hr. The leaves 
at the three water tensions were at the same temperature, which was that 
of the air. Although leaves were at the same temperature, the rates of 
transpiration of these treatments were different. (Qiis effect could be 
explained by the water stress conditions of the plants at the 3.0 and 
8.0 atm water tensions. In stress conditions the movement of water 
toward the leaves was restricted by the low rate of absorption from the 
solution, causing a decrease in transpiration rate. 
51 
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13. Leaf temperature and tram^iration of Zea mays at two water 
tensions 
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Leaf Tei^erature and Effect of Wind on the Transpiration Hate 
of Com Plants at Three Water Tension Levels 
In Table 7 and îlg, lit are shown the results of transpiration of 
com plants under room conditions, in which the light and the environ­
mental ten^>erature were more constant during the progress of the e:q)eri-
ment than in the outdoor conditions. The light of 3^0 to hPO ft-c was 
of relatively low intensity; it was measured at the level of the leaves. 
The leaf temperatures were measured with themocouples. The table shows 
no differences among the leaf temperatures of the three water tension 
treatments. Also, these temperatures were not far from the 29°C room 
temperature. The transpiration rates increased with time at the three 
water tensions, and this effect continued even though wind was applied. 
The adaptation of the stomates to the prevailing low li^t intensity by a 
gradual increase in the stonatal opening may esqplain this Igrpe of 
response. Open stomates, and lack of cooling fay the wind, which had the 
temperature of Idie leaves, may esplain the increase in transpiration rates 
with wind at low v^ocity. In this particular experiment, the probable 
effect of wind was to remove the vgpor saturated layers of air surrounding 
the leaves. 
The percentage of relative turgidity was over 9S% in treatment of 
0.5 and 5.5 atm water tensions, and no visible signs of wilting were 
observed in leaves. At the 8.0 atm treatment, some wilting was observed, 
and the percentage RT was 86.2$. Despite the low rate of tran^iration, 
water absorption still was enough to balance the water lost by trans­
piration, which created a condition of stress in leaves, and was reflected 
Table 7* Leaf tenqperature (°C) and transpiration (gr/dm^/hr) of Zea mays at three water tensions 
in room conditions. Data are averages of four r^lications 
Wind 0^ 
km/hr Transpiration Leaf Transpiration 
tenqperature 
Atmospheres 
5.5 8.0 
Leaf Transpiration 
ten^erature 
Leaf 
temperature 
0.0 0.30 
0.36 
28.9 
29.1 
0.13 
O.lU 
30.2 
29.7 
0.09 
0.12 
28.5 
28.2 
3.5 -
li.O 
O.iA 
0.1i5 
0.U9 
28.6 
28.1 
28.0 
0.2L 
0.23 
0.28 
29.9 
28.5 
29.2 
0.21 
0.15 
o.iU 
29.0 
28.9 
28.9 
% RT 95.1 95.a 86.2 
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111. Leaf tençerature and effect of wind on the transpiration rate 
of com plants at three water tension levels 
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in the low relative turgidity at this tension. 
Leaf Temperature and Transpiration Rate of Com Plants at 
Three Water Tension Levels 
In Table 8 and Fig. l5 are shown the rates of transpiration of com 
plants at three water tensions. "Rie e]q)eriment was performed under out­
door conditions, iriiich on that particular day were not stable. The pre­
vailing light intensify was changing from cloudy to sunny, along with a 
"gusty** wind during the progress of the trial. Nevertheless, there were 
differences in the leaf temperatures at the three levels of water tension. 
The leaf tençeratures were measured with an infrared thermometer, and 
several readings were made during each 60 minutes period. The leaf 
tengieratore at 8.0 atm was higher than at 5.5, and 0.5 atm water tension; 
of the order of L to in the noon hours, and of 6 to 7°C in the after­
noon. 
The leaf tenperatures measured during each period, on averages, 
followed a definite trend lAiich increased from the morning hours toward 
noon, and decreased in the afternoon. This tendency was shown despite 
large fluctuations in leaf ten^ieratures when readings were taken at 
intervals of five to ten minutes. The variations of tenqperature were in­
fluenced by a "gusty" wind and tenqporazy cloudiness. The transpiration 
rates were also different, with the lowest rate at the highest water 
tension of 8,0 atm. The rate of transpiration of the 5.5 and 8.0 atm 
water tensions showed a steady decrease with the progress of the eaqperi-
ment, from a relatively hi^ tran^iration rate at the beginning of the 
trial. No similar tendency was observed in the 0.5 atm water tension. 
Table 8. Leaf temperature (°C)* and transpiration rate (gr/dm^/hr) of Zea mays at three water 
tension levels. Data are averages of three replications 
Tine 
0.5 atm 5.5 atm 8.0 atm 
Leaf Transpiration 
temperature 
Leaf Transpiration 
tenqperature 
Leaf Transpiration 
tençerature 
10:30 21.6 22.6 —— 26.0 —— 
11*30 22.3 1.30 2U.7 1.09 27.7 0.91 
12*30 23.k 1.18 29.1 0.7k 29.3 0.15 
1:30 25.1 1.22 30.3 0.99 29.7 0.26 
2:30 25.1 1.85 31.5 0.19 29.U 0.31 
3:30 23.8 l.ià 28.2 0.it7 29.9 0.22 
1:30 21.5 1.36 26.9 0.26 26.8 0.19 
% RT 97.99 89.88 8k.86 
®Leaf tençeratures are averages of the several readings during each 60 minute period. 
Fig. l5. Leaf temperature and transpiration rate of com plants during an experimental 
period of six hours 
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which ended the trial with approximately the same rate of transpiration, 
Ihis effect indicated water stress conditions in plants at 5.5 and 8.0 
atm water tensions, in which the water absorption was not in equilibrium 
with the water lost by transpiration. Also, the decrease in water 
absozption was more critical at the higher, 8.0 atm, water tension re­
lated to 5.5 atm, for which the data indicate that still some water was 
being absorbed from the medium. The stress condition was shown by the 
decreasing relative turgidity of leaves. This percentage decreased with 
the increase of water tension in the nutrient solution. And gradually 
dropped from 97.9% RT at 0.5 atm to 8L.8# RT at 8.0 atm water tension. 
Even though the turgidity of the leaves at 5.5 atm water tension was low, 
no clear signs of wilting were shown in the leaves, but these were 
clearly shown at 8.0 atm water tension. 
In Table 9 is shown the analysis of variance for the regression of 
temperature on transpiration for three treatments of water tension, and 
in Fig. 16 are plotted the corresponding data. Although there are several 
Table 9* Analysis of variance for data of Table 8 
Source of variation df SS MS F 
Residual 
Regression 
19 
1 111.71 111.71 25.52** 
83.17 U.377 
Total 20 
**Significant at the 1% level of probabilily. Correlation coefficient 
239. Significance at the S% level .532. 
Fig, 16. Leaf temperature-transpiration rate regression line for com plants at 
three water tension levels 
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points far apart from the fitted regression line, "toe overall effect of 
transpiration was to lower thé leaf teuçerataire on the order of $ to 6°C, 
between the highest transpiration rate at 0.5 atm water tension, and the 
lowest transpiration rate at 9.0 atm tension. The correlation coefficient 
between temperature and rate of transpiration was not significant. It may 
be possible to explain that factors such as wind and clouds, which were 
particularly unstable in this experiment, along with the water stress 
condition, were responsible for this low correlation coefficient. 
Leaf Teng>erature, Light Intensity, and the Effect of Wind on the 
Tranqiiration Bate of Com Plants at Two Water Tension Levels 
In Table 10 and Fig. 17 are shown the rates of transpiration and leaf 
ten^eratares of com plants at two water tensions, and the effect of wind 
and light intensity on these rates. The leaf ten^>eratares were measured 
with an infrared thermometer. The trial was performed to check results 
obtained in a previous experiment, with wind, shade, and wind-shade as 
treatments. The results obtained with this trial showed: similar trends. 
The results indicate that the transpiration rate changed with the progress 
of i±ie experiment and with the treatment applied. Th^r showed a general 
pattern for the change of tjie transpiration rates for the two water 
tension levels, although the rate of transpiration was inversely related 
to the water tension of the nutrient solution. The highest rate of 
tran^iration was obtained at 0.5 atm, the lowest water tension. 
The pattern of tran^lration rate was not the same at both water 
tensions. At 5.5 atm, the rate decreased steadily with the progress of 
Table 10. Leaf tenqperature, light intensity, and effect of wind on the transpiration of Zea mays 
at two water tension levels* Data are an average of four replications 
(Li^t 
ft-c 
wind kn/hr 
Time 0.$ atm 5«5 atro 
Leaf 
temperature °C 
Tranmiration 
(gr/^^/hr) 
Leaf 
temperature 
Transpiration 
(gr/dmVhr) 
Light 
7,500 -
8,000 
Wind 
6 - 7  
Wind + 
shade 
aiade 
800 
2,500 . 
3,000 
11:00 
12:00 
1:00 
2:00 
3:00 
h:00 
22.5 
2U.7 
25.2 
22.2 
22.1 
23.0 
2.17 
2.22 
.996 
1.182 
1.692 
27.5 
29.0 
25.7 
23.3 
22.k 
2U.0 
l.Olli 
.612 
.558 
.582 
.528 
% RT 93.66 88.L6 
Fig. 17. Leaf tençerature, light intensity, and the effect of wind on the transpiration rate 
of com plants at two water tension levels 
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the experiment, and no sçiparent effects of treatments were shown in the 
data. Probably, the water stress condition at 5*5 atm water tension, 
which was shown by the low relative turgidily of 88.6%, cancelled the 
effect of the treatments ggpplied. A different picture was shown by the 
data of 0,5 atm water tension; the rate of transpiration changed in 
relation to the treatment «çjplied. At light intensity of 7,500 ft-c and 
moderate wind velocity of 6 to 7 km/hr, the tran^iration rate increased. 
The results confim for outdoor conditions what was found in a previous 
trial. The leaf tenqperatures also were different for the two water 
tensions. The higher temperature of leaves at 5.5 atm was maintained 
during the progress of the trial, this difference being the order of h to 
5°C, above the 0.5 atm water tension. Wind at a speed of six to seven 
km/hr lowered the tengierature of leaves at 5.5 atm water tension and had 
no effect on the 0.5 atm water tension. The combined effect of wind and 
shade decreased the transpiration rate and leaf temperatures at both water 
tensions. Wind and shade decreased transpiration ratés and also leaf 
tenperatures, and may be explained in terms of Ihe decrease in diffusion 
pressure deficits as the tenperature of the leaves decreased. 
The percentage of relative turgidity was lowered to 88.5% in the 5.5 
atm water tension. At this water tension the leaves did not show visible 
signs of wilting despite the low relative turgidity. 
Effect of Water Tension on the Growth of Com Seedlings 
In Table 11 and Fig. Id are shown the net assimilation rate (NAR), 
relative growtii rate (RGR), leaf area ratio (L&R), and the fresh and dzy 
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Table 11. Net assimilation rate, relative growidi rate, leaf area, leaf 
area ratio, fresh and dry wei^t of Zea mays growing at four 
water tension levels. Data are averages offour r^lications 
Atm 0.5 3.0 5.5 8.0 
NAR (gr/dmVday) 0.1350 0.09la 0.1072 0.0570 
RGR (gr/dm^/dsy) 0.2515 0.l6kL O.lltSl 0.0931 
Plant fresh wt 23.771 17.169 13.519 . 7.699 
Leaf area (dm^) 5.775 li.i,5l 3.270 1.659 
LAR 2.ia 2.1*8 2.25 1.78 
Plant dry wt 2.39k 1.792 1.152 .922 
wei^ts of com seedlings that were grown in nutrient solutions at four 
water tension levels. The NAR, defined as the net increase in photo-
synthesized material per unit of leaf area, showed a decrease witii the 
increase in osmotic concentration of the nutritive medium. The decrease 
was from 0.5 atm of the lower water tension toward higher water tensions 
of 3.0, and 8.0 atm, although tensions of 3.0 and 5*5 atm showed no 
differences in NAR. The reduction in NAR was in the order of 8 to 9 x 
10" gr/dm /day from the lower water tension of the 0,5 atm to the 8.0 atm 
of the highest water tension. 
The RGR, defined as the percentage at which dzy weight increases, 
showed a steady decrease with the increase in concentration of the 
nutrient solution. La the range of 3.0 to 5.5 atm water tension, over 
which the NAR did not show a difference, the RGR decreased, although it 
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• 18. Effect of water tension on the growth of com seedlings 
was of a magnitude of l.C to 1.5 x 10" gr/gr/day lower than the 9 x 
lO'^gr/gr/day found for the corresponding tensions from 0,5 to 3*0 aian. 
As a result of the decrease in NAR and BQR caused by the increase in 
water tension of the nutrient solutions, the growth of plants was 
adversely affected. The fresh and diy weights, along with the leaf area, 
decreased with increases in water tension, Altiiough growth continued as 
the osmotic concentration of solutions increased, as indicated the 
increase in fresh and diy weight of the plants, the rates of growth were 
reduced. The main effect of the osmotic concentration was to depress the 
growth of leaves, changing the relation of leaf area to plant weight, as 
the tension of the water increased. 
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DISCUSSION 
The response of com plants to water stress, as measured by trans­
piration, leaf tenqperature, percentage of relative turgidity, and growth, 
showed close relationships among these factors and the availability of 
water. The degree of water stress in plants, in tenus of water available, 
WQS in direct relation to the osmotic concentration of the nutrient 
solutions in which the plants were maintained during the growing period 
when this factor was studied* 
The effect of water stress on transpiration has been clearly shown 
in the series of experiments performed in this study. In Table 1 are 
presented the results of transpiration of com plants under seven water 
tensions. The data showed for 0,5 atm and lower tensions, hourly 
variations in tran^iration rates which followed the increase in radiation 
at the noon hours and decreased in the afternoon. Similar patterns have 
been shown in other e3q)eriments, with results in Tables it, 7 and 8 
corresponding to experiments on which no treatments besides the degree of 
water stress were applied. Under conditions in which the water tensions 
were hi^ enough to create stress, no definite pattern in the hourly 
transpiration was observed. When plants were not under stress condition, 
as in O.S atm water tension and even at 3,0 atm, the transiration rate 
was high in relation to hi^er osmotic concentrations in the nutrient 
solutions, as 5*0, 8,0 or higher aim tensions. This effect was shown even 
thnogh the decreasing transpiration in the afternoon hours. This response 
indicated that despite the high demand of water with high transpiration 
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rates, the absorption of water was fast enough to maintain tiie balance of 
transpiration and absorption, even at the high vapor pressure deficit of 
the atnosphere. In these conditions no visible signs of wilting of leaves 
were observed, V&en plants were under conditions of water stress, no 
definite pattern was followed by the hourly transpiration at hi^ osmotic 
concentrations of solutions. However, the transpiration rates at higher 
osmotic tensions were always smaller than at the lower tensions. The 
tran^iration rates at intezmediate values showed intemedlate rates, which 
were related to their corresponding osmotic concentrations. 
Decreasing tran^iration rates during the progress of the experiments 
were shown in high osmotic concentration treatments. As the trials 
continued the tran^iratlon progressed at lower rates because the water 
absorption was not enough to supply the necessary water, thus increasing 
the gap between absorption and tran^iration. It is safe to assume in 
these conditions that tran^iration was partially at the esqjense of the 
water in leaves, which finally showed signs of wilting and steady decrease 
in tranq)iratlon rates'. This effect was more pronounced as the osmotic 
concentration increased in the final hours of the eaqieriment. No similar 
results were shown in rates of transpiration of plants under moderate or 
low osmotic concentration, and no water stress was indicated. 
In all experiments, with the exception of one, leaf temperatures 
were measured and related to the oanotic concentration of tdie nutritive 
media in which the plants were maintained during the trials. The leaf 
temperatures were •easuij'ed with the "Uiemocouples in two experiments which 
results are presented in Tables 2 and 7, and with an infrared thermometer 
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in five experiments, which results are presented in Tables 3> k, 6, 8, and 
10. 
Leaf temperatures increased generally as the osmotic concentration of 
the nutrient solutions increased. The temperature of the leaves was 
directiy related to the water available for water absorption, or to the 
degree of water stress on the plants. Under conditions of no water stress, 
as in the 0.5 atm water tension, the leaf presented the lowest level of 
temperature in relation to water tensions more than 0.5 atm. This was the 
general trend in all experiments in which there were more than one water 
tension. Intermediate levels of water tension between 0.$ atm and S.O, 
8.0, or higher tensions, had also intermediate levels in leaf tenteratures. 
This effect was shown in Fig. 8, 9, 11, l5, and 17. The fluctuations of 
leaf temperature at 0,5 atm water tension, in 5 to 10 minute intervals . 
between readings^ were relatively frequent and of the order of one to 
four °C around the hourly average. The leaf temperatures at tensions 
higher than 0.5 atm followed similar fluctuations, although they were of 
less magnitude than in the 0.5 atm water tension. 
Qhe plants under water stress were warmer than the plants lAich were 
not under stress. Also, the fozner were transpiring less than the latter. 
Intermediate levels of water stress and temperature of leaves, also 
occupied intermediate levels of transpiration. These gradual effects are 
shown in Tables 3, 6, 7, and 8; and Figs. 9, 13, iJb, and l5. The de­
creasing leaf temperature with increase in tran^iration indicated Mie 
cooling effect of transpiration. The cooling effect was considerable and 
was associated with low water stress and a high rate of transpirations. 
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This effect is shown in the data of Table It for the 0.5 and 8.0 atm water 
tensions by the regression of transpiration on leaf tençerature. The 
equation: Leaf tençerature = h0.9$ - 3.1t5 transpiration, showed a 
difference between the cooler leaves with higher transpiration rate and 
the warmer leaves with lower transpiration rate. 
Similar cooling effects were shown among the leaves of plants at three 
water tension levels, as is shown in Table 8 and Fig. l6. The calculated 
equation for the regression of transpiration on leaf temperature was: 
Leaf temperature = 30.78 - 5.12 transpiration, and this experiment also 
showed a cooling effect of transpiration of about 5 to 6°G, between the 
high transpiration and the low transpiration. In both regressions the "F" 
test was highly significant, which indicated the effect of transpiration 
on the temperature of leaves, although the correlation coefficient was low 
and did not reach the level of significance. This lack of correlation of 
temperatures with rates of transpiration may be explained by the high 
variability in the environment of outdoor experiments, and mainly by the 
stress conditions of plants at the end of the trial, particularly for 
water tensions of 8.0 atm. 
The effects of light intensity on transpiration and leaf temperature 
of com plants under water stress are presented in Tables 2 and 10. 
These results indicate that leaf temperature and transpiration decreased 
when the light intensity decreased. The main effect of li^t was on the 
leaf temperatures; lAien the intensity was reduced shading the plants, 
leaves showed a drop in temperature of approximately 9 to 10°C. This effect 
was ind^endent of the availability of water, and of the stress condition, 
as is shown in Table 2. Similar results in a light and shade experiment 
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were obtained and are shown in Table 10, although the differences in 
tençerature of leaves at 0,5 and 5.5 atm water tensions were only 3 to 
The decrease in leaf temperature also decreased the diffusion pressure 
deficit gradient between the leaves and the air. This factor decreased the 
transpiration rates under shade. Despite the nearly equal leaf tençera-
tures at the low and high water tensions, and also of the considerable 
reduction in tran^iration under shade conditions, the transpiration rates 
were different, with the low rate at the higher osmotic concentration. 
This response indicated that the transpiration rate under stress conditions 
was limited by the rate of water absorption, and showed also, that 
although the leaf tenqperatures were hi^ under water stress conditions 
in full li^t, the transpiration rate still was lower than the rate under 
no water stress. This effect was explained before as due to imbalance 
between water absorption and water transpired. 
The effects of wind on transpiration and leaf tenqperatures of com 
plants are shown in Tables 2, 6, and 10. In general, the results 
obtained in these experiments have shown similar responses to the treat­
ments applied, that is, to the osmotic concentrations that created water 
stress conditions and to the velocity of wind. The effect of wind on 
transpiration was clearly shown on plants under conditions of no water 
stress, although the same responses were shown, but at lower degree, at 
the higher water tensions. Wind at relatively low ^eed, such as 6 to t 
km/hr, and li^t intensities of 6,000 to 8,000 ft-c, showed small in­
crease in transpiration of plants at 0.5 atm water tension, as in Table 
10, and no clear effect on the leaf tenqierature at this velocity. The 
7U 
Increase in transpiration without an accompanying rise in leaf 
tenperatores may be explained by the effect in creating convection in the 
layers of air around the leaves; layers of air supposedly saturated with 
water vapor from tran^iration. When the ^eed of wind was about 10 to 
11 km/hr, the transpiration rates considerably decreased, along with leaf 
temperatures. The lowering of leaf teo^)eratureSj down to the air 
ten^erature, irrespective of the water stress conditions at the 3.0 and 
3.0 atm tensions, is shown in Table 6. 
The effect of water stress on the turgidity of com plants was to 
decrease the total water content, an effect which was expressed as per­
centage of relative turgidilgr, assuming that a plant with a good supply 
of water is one hundred percent turgid. The imbalance between the water 
absorbed and loss in tran^iration, already discussed, created the water 
stress condition. The response of plants to an increase in water stress 
was shown by the decreasing percentages of relative turgidity. 
Associated with these responses, were the wilting of leaves observed at 
. • high osmotic concentrations. There was a close relationship among the 
percentages of relative turgidity, tAie osmotic concentration, and the 
transpiration rates. Plants under water stress with low transpiration 
rates always had low percentages of relative turgidity. For this reason 
the determination of percentage of turgidi-^ was considered a good 
indication of the availability of water for plants and the degree of stress 
they were enduring. 
As a corollary of the effect of water stress on corn plants, growth 
was studied also. The net assimilation rate (NAR), relative growth rate 
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(RGR), and leaf area ratio (LÂR) have shown, in Table 11, that the main 
effect of an increase in water tension of nutrient solutions, was to 
decrease the rate of growth. 
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SOMAS! 
The effect of an Increase in water stress on the transpiration and 
growth of com plants has been studied in a series of outdoor experi­
ments . Transpiration was measured by the changes of the weights of the 
potometers, consisting of a complant which was growing in a polyethylene 
bottle with nutrient solutions at varying osmotic concentrations. The 
different water tensions were obtained with the polyethylene glycol, 
"Carbowax 200", a substance which has the advantage of going into 
solution and creating osmotic tensions without being absorbed by the 
plants. The leaf temperatures were measured with an infrared -Uiezno-
meter, which has tdie advantage that it is not necessary to contact the 
leaves to record their teoqperatures. This instrument avoided damage to 
the leaves, and also gave fast temperature readings. 
Transpiration showed a decreasing rate as the water stress increased. 
Under conditions of no water stress the transpiration rate presented 
hourly variation witii increasing rate until the noon hours, and decreased 
again in the afternoon. Similar curves showed the transpiration under 
water stress conditions, although the rates were much lower than under no 
stress. 
Leaf temperatures of plants generally increased as the osmotic con­
centration of the solution increased. The tenqperature of the leaves was 
directly related, to radiation and the degree of water stress on the 
plants. The plants under water stress were warmer than the plants iriiich 
were not under stress, particularly when they were exposed to direct sun-
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A decreasing leaf tençerature vith increase in transpiration 
indicated a cooling effect of transpiration, which was 5 to 7°C as a 
maximum, and was associated with low water stress and higher rates of 
transpiration. 
Transpiration and leaf temperature decreased when shade was applied. 
The main effect of li^t was on the leaf temperature. When the intensity 
of light was reduced by shading the plants, leaves showed a drop in 
temperature of ^proximately 9 to 10°C. This effect was independent of 
the water stress condition. 
The effect of wind on transpiration was variable. In general, wind 
reduced the tanperature and the transpiration of leaves in sunli^t. 
Wind at relatively low speed, such as 6 to 7 kn^hr, showed small increases 
in transpiration; no effect has been shown under water stress conditions. 
When the speed of wind was about 10 to 11 km/br, the transpiration rates 
were considerably decreased, along with the leaf tençeratures. The 
lowering of leaf temperature down to the air temperature was irre^ective 
of the water stress conditions. 
The effect of water stress on the turgidity of com plants was to 
decrease the total water content. This effect expressed in percentage of 
turgidity was a good indication of the availability of water for plants 
and of the degree of stress they were enduring. The effect of water 
stress on the growth of com seedlings, measured by the net assimilation 
rates, relative growth rate, and leaf area ratio, was adversely affected, 
althou^i the growth continued at decreasing rates with increasing water 
tensions. 
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